The software described as QIIME (quantitative insights into microbial ecology) is being used widely for the analysis of molecular sequences recovered from microbial assemblages (http://qiime.org/). As an example of this wide use, there have been 144 citations including this term in ASM full-text articles (as of 24 November 2014) and approx. 93,000 hits in Google. This 16s rRNA-based approach (J. Caporaso et al., Nature Methods 7:335-336, 2010) "allows analysis of high-throughput community sequencing data," including particularly the assessment of "diversity."
Five critical words being used to describe this QIIME approach should be considered in relation to the molecular sequences that are being analyzed, particularly when using bulk extraction for recovery of nucleic acids.
(1) Quantitative. The word quantitative has several different implications for bulk extraction-based molecular microbial ecology. It is necessary to prove that some consistent percentage of the molecular sequences present in natural microbial assemblages are being recovered (ideally 100% 1974) and Caulobacter (V. Hughes et al., Current Biology 22:R507-R509, 2012) for which single value estimates such as biomass or biovolume (or an OTU) do not describe subtle aspects of morphological changes and their ecological implications. It would appear more appropriate to simply describe these raw sequences as having been derived from a microbial assemblage by the use of bulk extraction.
(2) Microbial. This word leads to the assumption that the full range of microbial entities is being studied, including the bacteria, archaea, fungi, protozoa, algae and the acellular entities, including viruses, prions, viroids and virusoids. With the 16s rRNA approach upon which QIIME is centered, bacteria, and possibly archaea are being studied. As discussed by T. White (Microbe 4:536, 2009) these studies might better be described as being predominately bacteriocentric.
(3) Ecology. E. P. Odum (Fundamentals of Ecology. W.B.Saunders Company, Philadelphia, 3rd ed., 1971) defıned ecology as: "the study of the relation of organisms or groups of organisms to their environment, or the science of the interrelations between living organisms and their environment." Ecology, in a microbial context, can be defıned as "The interactions of microorganisms with their abiotic and biotic environments." Microbial ecology thus involves the study of in situ active microbes, usually a minor component of microbes in natural microbial assemblages. This point also was made by Baas Becking (Geobiologie of inleiding tot de milieukunde, W.P. Van Stockum & Zoon, The Hague, the Netherlands, 1934, page 13), who noted that most microbes in nature were present in a latent state, and by myself (Microbe 2:591-595, 2007) as well as many other workers. Microbial ecology, as its major task, is involved with the study of in situ active microbes. Without proof, bulk-extracted nucleic acids cannot be assumed to be derived exclusively from in situ active microbes, central to the study of microbial ecology.
(4) Community. The study of biological communities has its major emphasis on living, interacting, communicating organisms. In a macroecological context, E. Pielou (Ecological Diversity, John Wiley and Sons, Inc., New York, NY, 1975) provided the following defınition: "Any assemblage of plants and animals living together in one place and to a greater or lesser degree, interacting with one another-in a word, an ecological community-." By replacing "plants and animals" with "microbes" this defınition can be considered in a microbial context. It would not appear to be defensible to state that bulk-extracted nucleic acids represent the community, unless they are proven to be derived solely from in situ active microbes.
(5) Diversity. The QIIME approach is suggested to be able to provide information on diversity (J. Caporaso et al., Nature Methods 7:335-336, 2010). It is critical to state which specifıc aspect of diversity is being studied. In the context of molecular microbial ecology, "diversity" can be used to describe: (a) molecular sequence diversity, (b) cellular molecular diversity, (c) acellular molecular diversity, and (d) in situ active microbe molecular diversity. Without information concerning the more specifıc source of these raw sequences being provided, it would appear to be most appropriate to describe this as molecular sequence diversity.
The central problem is that bulkextractable nucleic acids, used in most QIIME analyses, can be derived from microbes that are not active and interacting in situ due to abiotic or biotic limitations, or from extracellular DNA. These molecular sequence sources in microbial assemblages can include: Based on these considerations, it is necessary to prove that molecular sequences are derived from in situ active microbes to be able to state that one is studying the ecology of microbes or the microbial community. I would suggest that this approach, described as QIIME, more properly should be described as EMSAP (environmental molecular sequence analysis program). This is based on my concern, expressed in a recent communication (D. Klein, Microbe, 6:377, 2011), that to be able to state the source of molecular sequences derived from microbial assemblages using bulk extraction, that it is necessary to provide proof of the source. In my view, such proof has not been provided in developing the entire "QIIME" approach.
